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AIR CONDITIONING IN SCHOOL BUILDINGS.1

By S. R. LEWIS,
Consulting Engineer, Chicago, III., 910 So. Michigan Ave.,

Chicago.

Revolutionary discoveries of basic importance are extremely
rare. The art of ventilation has received much study by rather
competent people during at least fifty years, and there has
developed a general practice covering fundamental principles
which I am very sure should not be lost sight of. There are,
these days, many opportunities to take up new schemes, but
the old principles must not be violated if we are to hope for any
improvement.
The lungs may be considered as mere bags, lined with a

material well designed to prevent any infection. In fact,
authorities say that air cannot carry from the lungs of one
person to another person in ordinary human contact any harm-
ful thing, infection being almost entirely by mouth or broken
skin. The lungs have a very small air capacity compared .with
the amount of fresh air we have been accustomed to furnishing;
they are worked to capacity only a very small part of the time;
the passages and tubes leading to them always hold their con-
tents of air which must be rebreathed at each inspiration, so
that the fresh air actually taken in and discharged each minute
amounts to not more than .25 of a cubic foot^
We do not know what the poisonous or harmful quality of

expired air may be, if there is anything harmful in it. It is
clear, however, that whatever it may be is not recognizable by
any of our senses, and that whatever objectionable thing there
may be in the air, of which our senses acquaint us, could hardly
have been put there by contact with anyone^s lungs. Further,
the condition of the air inspired, aside from its temperature,
is of little moment, so long as it does not carry infected dust or
drops of water (which may possibly cause trouble).
The temperature of the air seems to be important as Nature,

by the inexorable provision for mixing the fresh air with the
already warmed air in the passages, insures that it shall not
be too cold. Anyone who enters a refrigerated space in warm
weather experiences the feeling that he can breathe more easily,
that perhaps less air is required, though there may be no chem-
ical difference.
^ead before the General Science Section, Central Association of Science and Mathematics

Teachers, at Lake View High School November 28, 1&19.
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The skin is an admirable servant. It prevents the entry of
infection unless broken. It is impervious to all chemical con-
ditions of the air encountered in ordinary life. The temperature
at the skin, however, is of vital importance to the party inside
the skin. Nature has given us an elaborate mechanism for
controlling this temperature, which depends for its functioning
on the presence of moisture in the air and on movement of the
air.
As far as we know, therefore, within the ranges of air as ordi-

narily encountered in life, neither as to lungs or skin, does it
very much matter what chemical condition the air is in, and
ventilation or air conditioning as far as it applies to schoolhouses
means regulation of body temperature. As long as the air
around the bodies of the pupils remains within reasonable limits
of the optimum condition, the body functions will achieve the
optimum without undue stress, leaving the mind free for highest
educational efficiency. When the air gets too hot or too cold
in its effect upon the skin, however, the body will originate a
complaint; the pupil will become restless or sleepy, if not liable
to weakening or infection.

It is not necessary, in order to experience the unpleasant
effects of crowding or overheating, to be indoors. Similar con-
ditions are often found in assemblages of people out of doors
when there is no wind or where the topographical situation
causes stagnant pockets. We seem to be most comfortable
out of doors when in a gentle breeze, at a temperature slightly
cooler than that of the body.

I believe that a schoolroom should have an arrangement
of air supply which will rub over the bodies of the pupils in an
appreciable current at such a temperature as not to cause dis-
comfort. This temperature will depend on moisture and speed
of movement, bearing a ratio to the room temperature. The
temperature of the entering or moving air cannot safely be
fixed, for entering air much cooler than the average room tem-
perature inevitably causes discomfort. No great fear need be
apprehended that the entering air may be too warm because in
an occupied class-room the problem is nearly always one of
cooling rather than heating. The floor must be warm enough
to prevent cold feet. There is some evidence that when the
feet are kept warm the balance of the body will endure a remark-
ably low temperature.

It is highly’ desirable to eliminate the local circulation or



450 SCHOOL SCIENCE AND MATHEMATICS

short air circuits caused by hot radiators, cold glass and wall
surface, and by cold air leakage in through walls and windows.
If schoolrooms had double walls impervious to air, and double
windows, not only would the heating problem be simplified
and the cost much reduced, but also the ventilation would be
much improved.
Where the air can be moved positively over the bodies of the

people in a uniform current, the heating and ventilation are
nearly always reported excellent. Such systems are possible
at present in interior rooms having low ceilings, where inlets
can be at one end, with outlets at the other end, giving a slow
moving cross-draft, or in auditoriums where inlets can be under
the fixed seats, with outlets at the ceiling giving a slow moving
up-draft. If rooms are thoroughly heated prior to occupancy,
and delicate temperature control is maintained and the volume
is so great that the entering air need not be more than about
ten degrees cooler than the warmest part of the room, downward
ventilation is practicable.
One of the existing and much used systems of school ventila-

tion introduces the fresh air, heated to an extent sufficient to
overcome the chilling effect of glass and walls, say, around
ninety degrees when it is zero outside. Another introduces
�it at about seventy degrees and compensates for chilling effect
by direct radiators placed in the rooms.
Owing to physical limitations due to the exigencies of con-

struction, with the first system the air cannot ever be intro-
duced cooler than about sixty-five degrees, and with the second
system the air goes everywhere at the same temperature, whether
to a room crowded or empty, sunny or dark. The sixty-five
degree limit of the, first system is necessary to prevent drafts
when the room temperature runs up due to the heat from the
occupants or from sunshine. With the second system, over-
heating from the same sources, which are difficult to control,
becomes even more common.
Both of these systems introduce the air horizontally over-

head, and exhaust it at the floor. Of necessity, with both,
chaotic conditions exist in rooms as to diffusion of the fresh air.
All warm things, lights, radiators, bodies of occupants, sun-
heated furniture, create upward currents of air whether fresh
or stale, like miniature fountains. All cool things, such as
windows and outer walls, cause downward currents. Some of
these little circuits seldom change their content. Some stagnant
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spots exist. An outsider may detect these spots by sense of
smell on entering any schoolroom. When an occupant of such
a room, who has been there some time, complains of closeness
or oppressiveness, we can be sure that while it may be odorous
he cannot detect the odor. What he feels is temperature, and
nothing else. Lack of moisture or excess of moisture will
evidence itself to him by sense impression of temperature.
Increase of carbon dioxide may cause more rapid respiration,
but even this will usually be indicated by a feeling of increase
in temperature. If there is, however, an appreciable movement
in the air within the room, so that he is swept over by a breeze,
a very high temperature and a very rank odor will seem to the
long-time occupant the finest of conditions.

There are many fads, fancies and fallacies about school venti-
lation, among them the one that by open windows the millennium
may be attained. I have made careful tests over several weeks
of a number of schools in which open window ventilation was
being conscientiously operated. It was impossible to provide
enough fresh air to control the temperature without creating
objectionable drafts. The teachers could not be depended upon
constantly to remember the windows, with the result that the
rooms were many of them uncomfortably hot, then uncomfort-
ably cold. The windward rooms received fresh air when the
windows were opened, but the leeward rooms acted as vent flues
for the windward rooms and received no fresh air at all. Every
heated building has a neutral zone, above which pressure is
outward; below which pressure is inward. The rooms,.below
this zone received fresh air; those above it were vent flues for
the lower rooms, and could not be kept cool. The direct inflow
of dust was objectionable, and in every storm all intake windows
had to be closed. Street noises were troublesome.
The unit system, whereby every room has a separate fan and

heater, is entering into prominence though subject to nearly all
of the objections of window ventilation, and being as yet even
more crude than the older centralized types as to temperature
regulation. The unit system is presumably adjustable by the
teacher to compensate for varying wind conditions. The teacher
will not and cannot pay much attention to outside wind con-
ditions. No unit systems have yet been found which do not
carry the same objections as the other systems, and they add
some new complications of an electrical, mechanical and operat-
ing nature. They discharge the fresh air toward the ceiling
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in front of the window, and exhaust it at the floor at an interior
wall. One fad having some vogue entails an air washer, sealed
windows, and recirculation of the air. No better distribution
or temperature regulation is attempted. The air washer; when
operated, will remove much dust, and some o.dors. It may pro-
mote some bacteria, though in all probability these will not hurt
anybody. It is possible to operate such plants as this without
running the air washers, however, and under such conditions,
the plants become highly odorous as to their product, and tem-
perature regulation becomes difficult.

It has been found most difficult to compel operating engineers
to keep the air washers in clean condition, or to insure their
continuous operation, since the building can be heated without
operating the washers, saving power, fuel and labor. When
there is little or no cooling surface in a room, such as single glass
or exposed wall, the local heating surfaces, as radiators, may be
omitted, and the air may be delivered with impunity directly
across the rooms over the bodies of the occupants. The venti-
lation of such fortunate rooms is invariably unnoticed, or if
noticed at all is called excellent, provided that the temperature
control is good. Where fixed seats are available upward venti-
lation may be used, suiting the temperature of the entering air
exactly to that of the occupants, and disregarding the losses of
walls or glass. This also depends for its excellence on the effi-
ciency of the temperature control, and requires considerably
more elaboration of the control than is common in practice.
The last two types depend, it will be noticed, upon displace-

ment, as compared with the other schemes, which operate by
dilution.

I am willing to admit that ventilation by dilution is not venti-
lation at all. I believe that ventilation can be achieved only
by displacement.
Temperature regulating devices have reached the stage where

almost any desired refinement can be obtained, and we know
how to build schools with hollow walls and double glass; and
know that the fuel ’saving alone will pay the interest and sinking
fund on the investment, to say nothing of the improved living
conditions obtained. It should be possible with every scheme
of ventilation, to open the windows whenever desired, to get
the breezes in warm weather, or to stimulate the pupils with a
cold snap for a few minutes occasionally in winter.

^Psychologically, the first invitation for complaint about a
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ventilating system comes from the mistaken instructions given
by some ventilating engineers to the end that windows shall not
be opened. In a properly constructed building we could intro-
duce the fresh air at a temperature very close to that desired
in the rooms, in a gentle breeze sweeping the room like a stream
of water from a hose, even introducing it at the floor at one end
of the room, removing it at the ceiling at the other end, perhaps
introducing it at a tangent to the periphery of the room and re-
moving it at the center, like a cyclone dust separator, causing
a whirling breeze which should move all the air in the room all
of the time.

All of these things have been done in schoolrooms, and suc-
cessfully, on an experimental scale. These methods are common
practice for-theatres. In artificially cooled rooms air intro-
duction is at the floor and removal is at the ceiling. Ventilation,
which is simply removing excess heat, becomes rather simple
when laws governing heat are followed. Do not hesitate to
open the windows when it gets too warm. Excess temperature
is a confession of weakness on the part of the design or operation
of the plant in your building. The school is for the benefit
of its occupants and overheating is harmful at other places than
the coal pile.

Mechanical ventilation is indispensable. We cannot in any
other way insure positive air movement. Local electric fans,
to insure positive movement and breeze effect in existing rooms
having an old fashioned air supply, will be found to be of great
advantage. In new buildings the following are some of the
features upon which advanced engineers are well agreed:

1. Mechanical ventilation, using plenum systems, that is
with a supply fan pushing the air in. Exhaust fans for all
toilet rooms, all interior rooms not having windows, all cooking
rooms, all chemical laboratories, and other local sources of heat
or objectionable fumes. Exhaust mechanical systems without
supply fans have not been found efficient or satisfactory
except possibly when a well designed fan arrangement having
a separate fan for each room, combined with adequate tempera-
ture control and dust removal, is installed.

2. Heating arrangements such as will keep all plumbing
apparatus and plants from injury by low temperature without
running any fans.

3. Separate heating andventilating units for each auditorium,
gymnasium or other special room likely to be used at separate
times.
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4. Electrical operation of exhaust fans for toilets, special
and interior rooms so that they may be ventilated in the warm
weather of spring and fall when no heating is required.

5. All horizontal supply ducts are to be of sufficient size to
permit access for cleaning, in general not less than 6 ft. high or
2 ft. wide, provided with electric lights, ample doors for access,
and provisions for washing out with water or for vacuum clean-
ing.

6. If direct radiators are used in classrooms, they are to
be so disposed or shielded as to prevent radiant heat from them
striking the occupants.

7. All cut£ic7e walls cf lire buildirg ?re to be furred, with air
space, and are to be of th^ warirc£t possible corstructicn, prefer-
ably having a waterproof air-tight coating inside the brickwork.
All windows are to be double, and weather-stripped. All out-
side doors are to have vestibules. There shall be a hollow attic
space.

GENERAL SCIENCE AND VOCATIONAL EDUCATION.1

By PROF. A. W. NOLAN,
State Supervisor of Agricultural Education, Springfield, III.

First, last, and always we must consider vocational education
as directly training for useful employment upon a productive
basis. The Vocational Education Act is right in limiting its
aim, so that the ^controlling purpose of such education shall be
to fit for useful employment.^ The advocates of vocational
education have no quarrel with the friends of non-vocational
education, nor should the latter criticize vocational education
because it does not include in its aim the broad values of a liberal
education. Each has its part to play in the educational program,
each has plenty to do to look to its own field, and society needs
the services which each can give.

It may not be clear to us all, as to which field general science
belongs in our harmonizing of vocational and non-vocational
education. To me it bears a vital relationship to both, and it
is to this relationship I wish to direct this discussion.

In all vocational work, where manipulative or mental pro-
cesses are required to carry on the vocation, there are three
phases of instruction tq use in following out a curriculum,
^Read before the section on General Science, Nov. 29. 1919.


